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The stick spectra from DFT indicate three ν CO normal modes positions, which are mixed 3×C-O stretches (two asymmetric stretches forming the lower frequency band, and one symmetric stretch for the higher frequency band; see the electronic SI for the mode animations). CH 2 Cl 2 solvent was used for observed spectra. 102% scaling of DFT vibrational frequencies was applied. 4 were mounted using 1-propanol as the medium, measurements being taken at 30-50 K using a liquid helium cryostat. Sample temperatures were calculated using the ratio of anti-stokes/stokes intensities according to: . [8] [9] [10] Delayed nuclear fluorescence and Fe K fluorescence
(from internal conversion) were recorded with a 2×2 APD array. NRVS data were recorded with a step size of 0.28 meV, the counting time per point being 5 s. Analysis was performed using the PHOENIX software package. 7, 9 S7
DFT Calculations
The (Fig. S8) . The latter Ni(II)Fe(I) complex was used as the structural reference for [1ʹ] + , subject to dcpe to dppe ligand replacement. The structure optimization and subsequent normal mode analysis were done using GAUSSIAN 09, 13 based on the densities exported from single point calculations using JAGUAR 7.9. 14 The BP86 15,16 functional and the LACV3P** basis set as implemented in JAGUAR 7.9 were employed. For the first-and second-row elements, LACV3P** implies 6-311G** triple-zeta basis sets including polarization functions. For the Fe and Ni atoms, LACV3P** consists of a triple-zeta quality basis set for the outermost core and valence orbitals, and the quasirelativistic Los Alamos effective core potential (ECP) for the innermost electrons. The [1ʹ] 0/+ species environment was considered via self-consistent reaction field (SCRF) polarizable continuum model using the integral equation formalism (IEF-PCM) 17 as implemented in GAUSSIAN 09 with the IEF-PCM parameters at their default values for water. Based on the normal mode outputs, 57 Fe partial vibrational density of states (PVDOS) spectra which complement the NRVS experiment were generated using the Q-SPECTOR program. Q-SPECTOR is an in-house Python tool for analysis of the normal modes calculated using computational chemistry software (here, GAUSSIAN 09), successfully applied earlier. [18] [19] [20] [21] To account for the resolution of the present NRVS and IR experiments, the simulated spectra were broadened by convolution with a 6 cm −1 Lorentzian. A homogeneous empirical scaling of the calculated frequencies was applied to provide improved (and otherwise apparent) mapping between the observed and calculated spectral features: by 108/98% in the 0-400/400-650 cm −1 ranges, respectively, for the NRVS bands (Fig. S9) , and by 102% for the ν CO IR bands around ~2000 cm −1 (Fig. S3) . The observed vs. calculated bands correspondence is further provided in Table S3 .
Our results on the electronic structure of 57 Notably, our attempts to vary the DFT methodology described above using (i) alternative functionals (non-hybrid PBE 23, 24 and hybrid B3LYP 25, 26 ), (ii) larger basis set (adding '+' diffuse functions), (iii) two-body D3 dispersion corrections by Grimme et al., 27, 28 and (iv) options on the SCRF procedure did not produce any better correspondence between the calculated 57 Fe PVDOS and experimental NRVS spectra for [1ʹ] 0/+ .
S8
The wavefunctions were analyzed using the DGrid program 29 by means of the electron localization function (ELF), 30 the electron localizability indicator based on the parallelspin electron pair density (ELI-D) 31 and the Laplacian of the electron density and bondpath analyses within the quantum theory of atoms in molecules (QTAIM). 32 For this purpose, the Kohn-Sham orbitals of the single point calculations in GAUSSIAN 09 (basis sets and functional see above) were transferred to DGrid and the examined property was calculated on a grid with 50 points per Bohr. The results of ELF, ELI-D, QTAIM, density Laplacian and bond-path analyses were visualized using the Paraview program, 33 with the results presented in Fig. S11 and Fig. S12 . (Fig. S8) , where dcpe has cyclohexyl rings instead of the phenyl rings in dppe. Correspondence between the observed and calculated bands is provided in Table S3 .
The band positions rounded to the nearest cm −1 . Homogeneous scaling factors were applied to the raw DFT frequencies, as specified in the leftmost column and explained in the text. Animations of the DFT normal modes producing the NRVS/IR bands listed is available as part of the electronic SI. b Correspondence can only be provided between a pair of experimental bands and single calculated band, or vice versa. c Complex set of experimental features matching a single calculated band. 
